INTRODUCTION {#sec1-1}
============

Periodontitis has been described as a probable risk factor for evoking a procoagulant state mediated by periodontal pathogens and its bioactive products,\[[@ref1]\] which contributes to an induction of a low-grade systemic inflammation that complies with a transient repeated bacteremia.\[[@ref2]\] On the other hand, endothelial dysfunction and hypercoagulability are thought to be a result of the concomitant involvement of hypertension and the physical friction of blood on the vascular wall. Apparently, the activation of platelets and the endothelial cells is reflected by an increase in the plasmatic vascular and thrombotic markers, for example, platelets count (Plt), fibrinogen (Fib), von Willebrand factor antigen activity (vWF:Ag) and D-dimers (DD).\[[@ref3][@ref4][@ref5]\] Periodontal debridement itself has been assumed to induce additional transient bacteraemia through the concomittant traumatic procedures.\[[@ref6][@ref7][@ref8]\] The aim of this study was to assess changes in blood levels of several vascular thrombotic markers; platelets count, Fib, vWF:Ag and the DD, accompanying surgical and non-surgical periodontal debridement in hypertensive patients with periodontitis.

MATERIALS AND METHODS {#sec1-2}
=====================

Study population and general examination {#sec2-1}
----------------------------------------

A total of 40 consecutive patients, 27 males and 13 females, aged 37-68 years old, (mean 51.2 years), of whom recalled the department of periodontology, faculty of dental surgery at Damascus University from March 2010 to April 2010, met the inclusion criteria and agreed to participate signing an informed written consent. They were non-smokers, had more than 20 teeth, did not have any coagulopathies or metabolic disorders (e.g., diabetes, hypercholesterolemia, hypertriglyceridemia) or any periodontal treatment or extractions during the last 6 months or any antibiotic therapy for 3 months or corticosteroids for the last year. Pregnant and breast feeding women, uncontrolled hypertensive (systolic blood pressure \[SBP\] \>160 mm/Hg and/or diastolic blood pressure \>110 mm/Hg) and body mass index \>31 were excluded.\[[@ref9][@ref10]\] Personal information, medical history and blood pressure mean value before treatment were also registered. Hypertension was diagnosed depending on the medical history and checking the current blood pressure as patients were on different antihypertensive agents (Losartan\*, Deltiazim\*, Metoprolol\*, Amlodepin\*).\[[@ref11]\]

Periodontal disease was diagnosed depending on the existence of 4 teeth or more with one site or more in which pocket probing depth (PPD) ≥4 mm and/or clinical attachment loss ≥3 mm.\[[@ref12]\] Accordingly, the study population was distributed into two groups: Non-surgical group with pockets 4-6 mm, 12 males and 8 females and surgical group, pockets \>6 mm, 15 males and 5 females. The scientific research board and Ethical Committee of Damascus University approval was obtained with the primary project plan.

Periodontal examination {#sec2-2}
-----------------------

All patients had generalized chronic periodontitis with mean PPD \>4 mm.\[[@ref13]\] Periodontal indices included Plaque index (PI), gingival inflammation (GI), bleeding on probing (BOP) and PPD, were measured by a trained examiner taking four-site registration (midfacial, mesial, distal and lingual/palatal) by means of University of North Carolina-15 periodontal probe, (Medesy-Italy).\[[@ref14][@ref15]\] Panoramic radiographs were taken to assess the intensity and type of bony defects.

Periodontal debridement procedures {#sec2-3}
----------------------------------

Non-surgical mechanical debridement consisted of one session full mouth scaling and root planning under local anesthesia as required using ultrasonic instruments, (Satelec-Switzerland) and was accomplished by Gracey\'s manual instrumentation, (LASCAD/Zeffiro-Italy). Surgical group received full mouth supragingival scaling with Widman flap reflected at one quadrant, mechanical debridement without any chemical conditioning, flap reduction and 4/0 silk interrupted suturing.\[[@ref16]\] Actual working time was registered for each patient at the end of the treatment session.

Laboratory biochemical tests {#sec2-4}
----------------------------

Blood samples, 20 ml, were collected from the antecubital veins of all patients after 16 h of fasting at the first visit for baseline, by the same patient-status-blinded technician. Blood samples were distributed into two types of tubes; the first contained ethylenediaminetetraacetic acid for general blood chemistry tests; (cholesterol, triglycerides, blood glucose fasting, (Chemistry analyzer AU 400-life and material science-Germany), and complete blood count and platelets (ref. interval 150-400 × 103/mm^3^), (ABX-5 Pentra-60, Horiba ABX-France), while the second and the third tubes contained sodium citrate 3.8% for the coagulation tests (Clotting analyzer CoaDATA 2001, Labitech-Germany); Fib, (ref. interval Clauss 200-400 mg/dL), vWF:Ag, (ref. interval 100%), (Hitachi 911, Roche-Diagnostics, U.S.A) and D-Dimers, (ref. interval 0.05 ΅g FEU/mL), (AU400 Olympus). All tests were performed at the Police Hospital central lab while vWF:Ag test was performed at the laboratories Department of Al-Assad Hospital, Damascus University. Plasma samples were refrigerated at −56°C until the coagulation tests were performed.\[[@ref17][@ref18][@ref19]\]

Follow-up {#sec2-5}
---------

Chlorhexidine 0.12% mouth rinses were prescribed and sutures removal after 7 days with a weekly recall.\[[@ref16][@ref20]\] A second periodontal parameters determination was performed after 6 weeks for each patient while blood samples were re-collected after 48 h and after 6 weeks of treatment.

Statistical study {#sec2-6}
-----------------

Independent *t*-test was used to study the differences in variables between the treatment groups and paired samples *t*-test to study differences in each group before and after periodontal treatment. General linear model ANOVA analysis for repeated measures was applied to study the significance of the thrombotic variables changes through the three-time intervals, as well as the effect of interaction between time and group for each variable. All tests were performed at 5% of confidence level, SPSS 19^th^ edition software (Chicago, IL, USA).\[[@ref21]\]

RESULTS {#sec1-3}
=======

General examination {#sec2-7}
-------------------

Statistical study showed higher SBP mean value at baseline in the non-surgical group compared with the surgical one (*P* = 0.047) \[[Table 1](#T1){ref-type="table"}\]. There was no statistically significant differences in age, body mass index, cholesterol, triglycerides, blood glucose fasting (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\].

###### 

Means of variables in the non-surgical and before periodontal debridement (baseline) surgical groups (*n*=40)

![](JISP-17-324-g001)

Periodontal parameters {#sec2-8}
----------------------

PPD was higher at baseline in the surgical group compared with the non-surgical one, (*P* = 0,001), \[[Table 1](#T1){ref-type="table"}\]. The periodontal indices decreased significantly after 6 weeks in both groups (*P* = 0.001), \[[Table 2](#T2){ref-type="table"}\] despite of the fact that BOP and PPD values remained higher in the surgical group compared with the non-surgical one (*P* = 0.041-0.001 respectively), \[[Table 2](#T2){ref-type="table"}\]. Working time was significantly higher in the surgical group compared with the non-surgical (40.2 ± 5.1 vs. 74.3 ± 10.4, respectively *P* = 0.001). (Not mentioned in tables).

###### 

Means of periodontal indices in the non-surgical and surgical groups
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Vascular thrombotic markers {#sec2-9}
---------------------------

No significant differences appeared between groups regarding vascular thrombotic variables at baseline, (*P* \> 0.05), \[[Table 1](#T1){ref-type="table"}\]. Nonetheless, all vascular thrombotic markers levels increased significantly after 48 h in both groups (*P* \< 0.05), \[[Table 3](#T3){ref-type="table"}\]. After 6 weeks, Plt and Fib decreased significantly while vWF:Ag sustained higher than baseline, (*P* \< 0.05) and DD restored approximately baseline, (*P* \> 0.05), \[[Table 3](#T3){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}\]. No significant differences were noticed between the two groups after 48 h and 6 weeks, (*P* \> 0.05), \[[Table 4](#T4){ref-type="table"}\]. However, ANOVA General linear model test revealed significant changes through the three-time interval within each group, (*P* = 0.001) and a significant effect of interaction between time and group for vWF:Ag, (*P* = 0.005), \[[Table 4](#T4){ref-type="table"}\].

###### 

Means of vascular thrombotic markers in the non-surgical and surgical groups

![](JISP-17-324-g003)

![Changes in vascular thrombotic markers across the three-time intervals](JISP-17-324-g004){#F1}

###### 

ANOVA test for vascular thrombotic markers changes across time intervals within the two groups and the *t* test results for acute and healing phases

![](JISP-17-324-g005)

DISCUSSION {#sec1-4}
==========

Statistical study revealed groups homogeneity regarding age, gender and body mass index (*P* \> 0.05) while higher blood pressure in the non-surgical group compared with surgical one (148.9 ± 9.8 vs. 142.4 ± 10.1 mm/Hg, respectively, *P* = 0.047), which might be contributed to coincidence or the small size of population and groups. Ageing was described as a common risk factor for chronic periodontitis and hypertension as both diseases have a middle age predilection, bearing in mind that age and gender are determinant factors that cannot be modified with the fact of lower healing responses are assumed in males and females older than 40 years.\[[@ref11][@ref22]\] Angeli *et al*.,\[[@ref23]\] suggested a direct association between periodontitis and the left ventricular volume in hypertensives. Völzke *et al*.\[[@ref24]\] also reported that blood pressure was higher in individuals who had 0 to 6 teeth in their mouth compared with those who had 27-28 teeth. Recent reports have pointed out that ageing is accompanied by changes at the hemostatic level presented with hypercoagulability.

Cholesterol, triglycerides and blood glucose fasting levels in both groups were comparable (*P* \> 0.05) and within the reference interval, [Table 1](#T1){ref-type="table"}, which negates the metabolic syndrome existence in our study population. However, Benguigui *et al*.\[[@ref25]\] revealed an association between the Metabolic syndrome, especially increased insulin resistance and severe periodontitis. Moreover, Oz *et al*.\[[@ref26]\] reported that the systemic inflammation in periodontitis is accompanied with dyslipidemia, which improved after periodontal treatment.

PPD was higher in the surgical group at baseline (4.4 ± 0.6 vs. 3.7 ± 0.3 mm, respectively, *P* = 0.001). Nevertheless, after 6 weeks of periodontal treatment all periodontal parameters improved in each group (*P* \< 0.05). However, both of BOP and PPD remained higher in the surgical group compared with the non-surgical (39.1 ± 13.1 vs. 31.3 ± 1%, *P* = 0.041), (3.6 ± 0.4 vs. 3 ± 0.3 mm, *P* = 0.001) respectively. Oral hygiene instructions and periodontal treatment, after different follow-up periods extended from 6 weeks to 6 years, lead to an improvement in periodontal indices such as Plaque index, gingival inflammation, Pocket probing depth and clinical attachment loss, regardless of the treatment modality.\[[@ref27]\] The differences in the healing degree reflect a difference in the healing volume depending on the initial pocket depth when it is ≥7 mm.\[[@ref28][@ref29]\] Considering that our study population individuals were administering a wide-spectrum of antihypertensive agents, which may influence the periodontal disease process,\[[@ref30]\] since the results of our previous study comparing hypertensives on antihypertensive agents with normotensives as higher values in PPD (4.1 ± 0.6 vs. 3.75 ± 0.55 respectively, *P* = 0.008) and clinical attachment loss (3.3 ± 0.93 vs. 2.31 ± 1.43, respectively, *P* = 0.001).\[[@ref31]\]

Despite of the difference in pockets depth and the periodontal disease intensity, there were no statistically significant differences in vascular thrombotic markers between the two groups at baseline, (*P* \> 0.05).

Platelets count increased after 48 h of treatment in both groups and decreased after 6 weeks (*P* \< 0.05), with no significant differences between the two groups at both time intervals, (*P* \> 0.05). These findings comply with the study of Balwant *et al*.\[[@ref32]\] on 26 healthy patients aged 30-65 years with severe periodontitis, PPD \> 6 mm, reporting that Plt count decreased significantly after 10 weeks of scaling and root planning (245 vs. 223 × 10^3^/mm^3^) as it has been assumed that platelets have a role in the inflammatory process through adhesion and aggregation. Platelets are activated in hypertension\[[@ref4]\] and in our previous study on 80 patients with periodontitis, Plt count was higher in the hypertensive group compared with those with periodontitis alone (266 ± 43.5 vs. 289.3 ± 43.6 respectively, *P* = 0.022).\[[@ref31]\] On the other hand, other studies\[[@ref33][@ref34]\] on the effect of periodontal treatment on vascular thrombotic markers in healthy individuals with periodontitis, reported a significant increase in Plt count after 48 h in the non-surgical group compared with the surgical one in addition to a significant time group interaction (*P* = 0.001), which might be attributed to the extension of working surface. However, Plt count values decreased significantly after 6 weeks in both groups.

Fib levels increased after 48 h in both groups and decreased after 6 weeks (*P* \< 0.05), with no significant differences between groups at both time intervals, (*P* \> 0.05). Our results agreed with many studies. D'Aiuto *et al*.\[[@ref35]\] reported that intensive periodontal treatment in severe periodontitis was accompanied with an increase in Fib levels, which peaked after 24 h and decreased significantly after 30 weeks while Balwant *et al*.\[[@ref32]\] marked this decrease after 10 weeks. Vidal *et al*.\[[@ref36]\] suggested that non-surgical periodontal treatment was effective in improving BOP and PPD indices and in reducing inflammatory markers interleukin-6, C-reactive protein (CRP), including Fib in severe periodontally diseased hypertensives. In contrast, Radafshar *et al*.\[[@ref37]\] did not find a significant decrease in Fib levels after 1 week and after 3 months following mechanical periodontal treatment in severe periodontitis, even though there was a significant decrease in CRP and white blood cell count.

vWF:Ag activity increased significantly in both groups after 48 h (*P* \< 0.05) and it decreased after 6 weeks retaining higher values in comparison to baseline with no significant differences between groups at both time intervals, (*P* \> 0.05). Nonetheless, despite there was no statistical significant difference between the two groups at baseline, ANOVA test showed a significant effect of interaction of time group, (*P* \< 0.05). This outcome would be attributed to the intensity of periodontal disease in the surgical group compared to the non-surgical one represented by the deeper PPD (4.4 ± 0.6 vs. 3.7 ± 0.3 respectively, *P* = 0.001). These results may enhance the suggestion that poor oral hygiene is accompanied with increased levels of Von Willebrand factor.\[[@ref10]\] Tonetti *et al*.\[[@ref38]\] reported that vWF:Ag activity was higher in the intensive group after 24 h of treatment compared to multi-sessions. Furthermore, D'Aiuto *et al*.\[[@ref7]\] mentioned that intensive treatment was accompanied with a mild inflammatory response, 30% higher than baseline, which persisted for 1 week. It was also associated with clear endothelial cell activating during 30 day, adding that population contained smokers as smoking had influenced the acute release of the bioactive markers.

Likewise, DD levels raised after48 h in both groups (*P* \< 0.05) and decreased after 6 weeks, with no significant differences between groups at both time intervals, (*P* \> 0.05). Endothelial surface coursing as noticed in atherosclerosis, trauma and infection, would initiate thrombosis.\[[@ref39]\] D'Aiuto *et al*.\[[@ref2]\] postulated that intensive periodontal treatment evoked changes at the hemostatic system plane manifested by an increase in DD level, which peaked after 24 h and resettled within 1 month. Graziani *et al*.\[[@ref34]\] mentioned that non-surgical periodontal treatment in systemic healthy individuals lead to a significant increase in DD levels after 24 h, which was more evident in the surgical group compared with the non-surgical. Controversially, Montebugnoli *et al*.\[[@ref40]\] did not find any significant differences before and after periodontal treatment regarding DD in patients exhibiting periodontitis with coronary heart disease.

Small size of population formed a limitation of this study, but the overall data might infer that both modalities of periodontal treatment had induced, after 48 h, a mild activation of several thrombotic system mediators presenting a procoagulatory state, even though not exceeding the normal range of values, which recessed within 6 weeks. Despite of the longer operating time in the surgical group, the degree of changes was close in both groups.

According to the chronic nature of both periodontitis and hypertension, the periodontal intervention, when one of the two diseases exists or both do, may not decrease the symptoms or lower the risk of future thrombotic events, but it may augment the overall prophylactic circumstances to decrease this risk by introducing better oral hygiene and the suitable intervention. This might be supported by systemic antibiotics and anti- inflammatory agents that lower the microbial and inflammatory burden, that\'s why development of new anticoagulants or antithrombotics that reduce the contribution of the inflammatory reaction to the vascular thrombotic disease is being warranted.\[[@ref41]\] Data presented in this study may subject using the adjunctive therapies such as systemic antibiotics and justifies not interrupting platelets antagonists prescribed for hypertensive.

CONCLUSIONS {#sec1-5}
===========

Periodontal debridement, surgical and non-surgical, has improved the periodontal status in hypertensives. Periodontal treatment activated the coagulation system in hypertensives and recessed later while the treatment modality did not affect the degree of activation. Ultimately, more studies are suggested to investigate the effect of periodontal disease and its treatment, in healthy and systemically diseased individuals, on the overall coagulation activation process output which is presented by thrombin activation using advanced thrombin generation assays such as the calibrated automated thrombogram that would help in assessing additional meticulous markers such as the microparticles levels that play, like thrombin, a role in both of the inflammatory and coagulation process, which would enhance more strict prophylactic procedures when treating health-compromised individuals.\[[@ref42][@ref43]\]
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